INTRODUCTION
In November 2013, the American College of Cardiology/ American Heart Association (ACC/AHA) proposed a new guideline for the management of blood cholesterol and statin therapy (13) . This guideline stratified statin therapy candidates based on the 10-year atherosclerotic cardiovascular disease (ASCVD) risk, which can be calculated with conventional risk factors without considering other reported atherosclerosis indices such as CCTA findings, CIMT, or biomarker status. However, there have been concerns regarding the substantially increased number of patients eligible for statin therapy based on this guideline (14) .
Thus, the aims of this study are (1) to analyze the cardiovascular outcomes of statin medication in individuals retrospectively categorized on the basis of the 2013 ACC/ AHA guideline risk assessment and (2) to determine the additional prognostic value of CCTA in assessing CVD risk for further stratification in statin therapy.
MATERIALS AND METHODS

Study Population
The Institutional Review Board approved the study protocol, and all of the patients gave written informed consent for coronary artery disease (CAD) evaluation using CCTA.
The study population was obtained from a registry of 5142 subjects who had undergone CCTA for health screening between January 2006 and December 2007 at a metropolitan tertiary hospital. Among these, we excluded individuals with 1) a previous history of coronary artery intervention, 2) clinical ASCVD, 3) malignancy, 4) inadequate medical records, 5) statin prescription at the point of the CCTA scan, and 6) coronary intervention within 90 days after CCTA that was considered as a CCTAderived percutaneous coronary intervention. A total of 4255 patients were enrolled in this study.
Risk Assessment and Recommendation Groups
Basic demographic data, including information regarding age, sex, and body mass index were acquired from medical charts. Medical history of myocardial infarction, angina, hypertension, stroke, and diabetes mellitus, family history of premature CAD (male first-degree relatives < 55 years and female first-degree relatives < 65 years), current medication profile, and smoking status were systematically acquired through personal interviews.
A total of 4255 individuals were retrospectively classified into two groups according to the 2013 ACC/AHA guideline: the statin-recommended (SR) group included patients who were eligible for statin therapy for primary prevention, and the statin not recommended (SNR) group included individuals who did not require statin therapy. Since the guideline stratified statin therapy intensity on the basis of risk assessment, the SR group was categorized on the basis of the risk stratification guideline: 1) those with a low-density lipoprotein cholesterol (LDL-C) level > 190 mg/ dL, 2) those aged between 40 and 75 years with type II diabetes, and 3) those with a 10-year risk of ASCVD > 7.5%. Patients with clinical ASCVD were excluded because this population requires statins for secondary prevention based on the guideline (13 kjronline.org CACS included a 120-kV tube voltage, 200-mAs tube current, and 2.5-mm scan thickness. Prior to CCTA, all patients with a baseline heart rate > 70 bpm received 10-30 mg of intravenous Esmolol (Jeil Pharm, Seoul, Korea). Sublingual nitroglycerin (0.6 mg) was then administered just before contrast media injection unless patients had any contraindications. During data acquisition, a bolus of iomeprol 80 mL (Iomeron® 400, Bracco, Milan, Italy) was administered intravenously with a flow rate of 4 mL/sec followed by 50 mL (3 mL/sec) of saline chaser. Automated detection of peak enhancement in the descending aorta was performed, and the scan was initiated when the time selected threshold (150 Hounsfield units [HU]) was reached. Retrospective segmental data reconstruction was performed with simultaneous registration of the patients' electrocardiography data. All scans were performed with electrocardiogram-gated dose modulation. All CT images were transferred to a three-dimensional workstation (Extended Brilliance Workspace, Philips Healthcare) for further analysis by using multiplanar reformation, maximum intensity projection, volume-rendering, and curved multiplanar reformation techniques. The CACS was calculated with the Agatston score by using a threshold of 130 HU.
CCTA Image Analysis
Two experienced radiologists (with 14 years and 4 years of experience in CCTA imaging, respectively) independently analyzed images by using a dedicated workstation described above, and the final assessments were reported by consensus.
On the basis of the 16-segment AHA model (11), we analyzed the stenosis degree, plaque burden, and plaque type. The degree of coronary artery stenosis was graded according to the proportion of luminal reduction: none (0%), insignificant CAD (1-49%), or significant CAD (≥ 50%). Plaque burden was determined on the basis of the segment involvement score (SIS), which reflects the number of segments with plaques irrespective of stenosis severity, and the segment stenosis score (SSS), the sum of the extent of stenosis in all 16 individual segments, with the total score ranging from 0 to 48 (12) . Plaque types were categorized as follows: 1) calcified plaque, 2) non-calcified plaque, or 3) mixed plaque. In particular, the "high-risk plaque," defined as lipid-containing plaque < 30 HU with positive arterial remodeling ≥ 1.1 or with a napkin ring sign, was characterized by low intraplaque attenuation surrounded by a higher attenuation rim or spotty calcification < 3 mm within the plaque (11, 16) .
Follow-Up and Primary Endpoint
During a median follow-up period of 87 months (interquartile range: 38-97 months), follow-up information was obtained from the hospital medical records or National Health Insurance Corporation data by two trained researchers independently. For the main outcome, we evaluated MACEs including the following: 1) cardiac death, 2) nonfatal myocardial infarction, and 3) unstable angina requiring hospital stay.
Statistical Analysis
Statistical analysis was performed using a commercial version of SPSS version 20 (IBM Corp., Armonk, NY, USA 
RESULTS
Study Population
The study population included 4255 patients with a mean age of 52.4 ± 39.5 years. Baseline demographic and clinical characteristics are presented in Table 1 . Based on the 2013 ACC/AHA guidelines, 1343 individuals were in the SR group and were eligible for statin therapy for primary prevention of ASCVD.
The discrepancies between the recommendation and actual prescription of statin medication are summarized in Figure 1 . Among the 1343 individuals in the SR group, 695 were statin users; of these, 20, 588, and 87 patients received high-intensity statins, intermediate-intensity statins, and low-intensity statins, respectively. Among these, standard-intensity statins were prescribed to 594 patients based on the 2013 ACC/AHA guidelines, while 101 patients received a lower intensity than recommended.
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MACE Occurrence according to Statin Eligibility Criteria
Among the 4255 patients, MACEs occurred in 35 (0.8%) patients. In the SR group, out of 1343 patients, 695 received statin medication and MACEs occurred in 21 (1.6) patients (1 cardiac death, 5 myocardial infarction, and 15 unstable anginas). In the SNR group, MACEs occurred in two (2 unstable anginas) out of 2263 patients. The clinical characteristics of patients according to the occurrence of MACEs and statin therapy recommendation based on the ACC/AHA guidelines are shown in Table 2 . In the SR group, patients with and without MACEs showed significant differences in the 10-year ASCVD risk and CCTA findings, including CACS, non-calcified plaque, calcified plaque, mixed plaque, SIS, SSS, degree of stenosis, and LDL-C level at the time of the CCTA scan. However, patient age was the only conventional risk factor that showed significant difference between these two groups (p = 0.01).
Event-Free Survival of MACEs according to CCTA and Statin Intensity in the SR Group
The occurrence of MACEs in the SR and SNR groups, stratified by degree of coronary artery stenosis, is summarized in Table 3 . In individuals with a normal coronary artery on CCTA, MACE did not occur regardless of statin medication. MACE occurrence was significantly higher in individuals with significant CAD than in those with insignificant CAD in the SR group (p < 0.001). Among kjronline.org the statin users with insignificant CAD, MACE occurred in 9 out of 285 patients in the SR group; in statin users with significant CAD, MACE occurred in 12 of 106 patients in the SR group. In SR group individuals with significant CAD, there was no significant difference between statin users and non-users (p = 0.810). However, in individuals with insignificant CAD, the event-free survival was significantly lower in statin users (p = 0.034).
MACEs occurred in 18 of 588 patients who received intermediate-intensity statins and in 3 of 87 patients who were prescribed low-intensity statins. MACEs did not occur in 20 patients who were receiving high-intensity statins (Table 3) . MACEs occurred in 18 of 594 patients who had a standard or higher intensity statin medication than Level of LDL-C at time of CCTA acquisition. CCTA = coronary computed tomography angiography, (+) = present, (-) absent There was no significant survival difference in individuals receiving low-or high-intensity statins ( Fig. 2A) .
In the SR group with LDL-C ≥ 190 mg/dL (group A), none of the patients received the recommended intensity statin. However, MACEs did not occur. In this group, 11 patients had a normal coronary artery and five had insignificant CAD on CCTA (Fig. 1, Table 4 ).
In the SR group with diabetes (group B), 5 patients received high-intensity statins and no MACEs occurred. However, MACEs occurred in 2 of the 46 patients who were prescribed intermediate-intensity statins and in 7 of the 236 who received low-intensity statins. The occurrence of MACEs
Fig. 2. Event-free survival curve of patients with stratification of prescribed statin intensity in SR group.
Kaplan-Meier survival curves of each group are shown; (A) all subjects in SR group, (B) group B, (C) group B with insignificant coronary stenosis, (D) group B with significant coronary stenosis, (E) group C, (F) group C with insignificant coronary stenosis, and (G) group C with significant coronary stenosis. kjronline.org was significantly higher in patients with insignificant CAD than in those with no CAD, and in patients with significant CAD than in those with insignificant CAD (p < 0.001 and p < 0.001, respectively), regardless of statin medication. The event-free survival was not significantly different among patients with different statin intensities (Fig. 2C) . However, in patients with significant CAD, the event survival was significantly lower among those receiving low-intensity statin therapy than in those with intermediate-intensity statin therapy (Fig. 2D ).
In the SR group with a 10-year risk of ASCVD > 7.5% (group C), 15 patients received high-intensity statins, and MACEs did not occur. However, MACEs occurred in 11 out of 338 patients who were prescribed intermediateintensity statins and in 1 of the 40 who received lowintensity statins. There was no statistically significant difference in event-free survival among them. The patients who were prescribed intermediate-intensity statins had a lower event-free survival than statin non-users (p = 0.003) (Fig. 2E) . There was also no significant difference after the stratification based on CAD degree (Fig. 2F, G) .
However, surprisingly, there were statistically significant differences in event-free survival between the degree of CAD with or without statin medication (Fig. 3) .
Independent Predictors of MACEs in the SR Group with Intermediate-Intensity Statins
Among the 1327 patients in groups B and C, 43.2% (n = 574) received intermediate-intensity statins, which is the recommended dose for these groups. MACEs occurred in 18 subjects (1 cardiac death, 4 myocardial infarction, and 13 unstable anginas). As shown in Table 5 , the unadjusted risk of MACEs was associated with presence of plaque, significant CAD, non-calcified plaque, mixed plaque, calcified plaque, CACS, SIS, SSS, number of vessel diseases, degree of stenosis, 10-year ASCVD risk, and final LDL-C level. In the multivariable analysis, only SIS was a significant independent predictor of MACE (hazard ratio 2.558, p = 0.001).
DISCUSSION
When applying the 2013 ACC/AHA cholesterol treatment guidelines (13), our study revealed that nearly one-thirds of asymptomatic subjects were potentially eligible for statins. Approximately one-half of these statin candidates showed kjronline.org normal CCTA findings. This finding is similar to those reported in a previous study using CACS in asymptomatic statin candidates (17) . Moreover, MACE occurrence was significantly higher in individuals with significant CAD than in those with insignificant CAD. This observation is consistent with prior reports highlighting the prognostic value of CCTA.
Recent studies have revealed that the impact of the updated recommendations will be higher treatment rates among those expected to have future cardiovascular events (18) . Thus, accurate risk assessment that can identify these lower-risk subjects can potentially have a profound impact in facilitating appropriate resource allocation and shared decision-making to allow flexible treatment choices (17) . Our study results suggest that the presence of normal CCTA findings can address these challenges by providing incremental information that may move many people from risk levels wherein treatment is recommended to risk levels where it is not.
The concept of screening for asymptomatic atherosclerosis has already been described (5, 19) . The 2013 ACC/AHA guidelines classified CACS and ABI under recommendation class IIb if treatment decisions are uncertain. CIMT was also not recommended and CCTA was not even mentioned (13, 15) . Several recent studies estimated the CVD risk of patients who did not take statins according to the 2013 ACC/AHA and National Cholesterol Education ProgramAdult Treatment Panel III (NCEP-ATP III) guidelines by kjronline.org performing a retrospective review of medical records and CCTA and CACS findings. These studies compared the calculated risk and the actual outcome over a few years of follow-up. They concluded that the new revised guidelines would be useful for risk assessment in asymptomatic coronary atherosclerosis or moderate-risk groups (20, 21) . A few studies have studied the beneficial effect of statins on patients with insignificant or significant CAD (22) (23) (24) . Our study revealed that the SIS on CCTA was the only independent predictor of MACEs. Hulten et al. (25) reported a significant increase in survival rate only when SIS > 4, which is similar to our findings. Moreover, MACE occurrence was significantly higher in individuals with significant CAD than in those with insignificant CAD. The results of the present study suggest that CCTA may be helpful in assessing CVD risk and determining statin treatment. In particular, patients contraindicated for statins or those with statin intolerance can avoid unnecessary medication by further risk stratification with CCTA. In addition, a risk-benefit analysis considering the costs and potential adverse effects of statins or contrast media is needed to provide a complete assessment of the effects of the change in statin eligibility guidelines on the healthcare system (15) . Further clinical trials should be undertaken to investigate the specific statin dose or treatment strategy and evaluate its effect. Interestingly, in this study, the event-free survival was significantly lower in statin users with insignificant CAD of the SR group. However, for individuals with significant CAD in the SR group, no significant difference in eventfree survival was observed between statin users and nonusers. Comparisons between statin users and non-users showed significant differences in CCTA findings, even though the conventional risk factors did not indicate any differences. Therefore, the discrepancy between the results of the previous studies and the present study is presumed to be due to differences in statin dose, intensity, and CCTA findings (Table 6 ). Very recently, 2018 Cholesterol Clinical Practice Guidelines emphasized the selective use of highintensity statin therapy as well as non-statin therapy such as ezetimibe in selective patients with high risk (26) . However, in this study, most patients received intermediate statins only. We speculated that this discrepancy is a potential cause of the lack of significant differences in event-free survival between statin users and non-users in patients with SR group with significant CAD.
There were several limitations to our study. First, it was a retrospective study; the criteria for prescribing statins varied with each physician and patient, and prior statin guidelines involved target LDL-C levels instead of specific statin intensity. Second, only a small number of patients received high-intensity statins. This therefore limited the detection of a significant difference in survival between low-or intermediate-intensity statin groups, although no MACEs occurred in patients receiving a high-intensity statin. Third, changes in prescription during the follow-up were not considered and patients who received prescriptions kjronline.org from their primary clinic were regarded as follow-up loss. The effect of each type of statin was also not evaluated. Finally, the study population was drawn from the same ethnic background and geographical region.
In conclusion, significant heterogeneity for risk stratification exists among statin candidates according to the 2013 ACC/AHA Cholesterol Management Guidelines. The normal CCTA could reclassify approximately one-half of statin candidates as not eligible. Among CCTA findings, SIS was an independent significant predictor for MACE, beside the risk assessment based on the guideline, which might explain the higher MACE occurrence in the lowrisk group. CCTA might facilitate risk stratification of CVD in asymptomatic individuals for the blood cholesterol management.
